The Jakura Marble deposit is located ca. 50 km northwest of Lokoja, southwestern Nigeria. Calc-silicate schists occur as intercalations and lenses within the marble. The schists consist of hornblende, biotite, actinolite, plagioclase, quartz, accessory epidote, sphene, zircon, chlorite and apatite. Calc-silicate reaction bands developed at the contacts between the marble and calc-silicate schists consist of diopside, plagioclase, scapolite, late actinolite and epidote.
INTRODUCTION
Calc-silicate schists and calc-silicate reaction bands are commonly associated with metacarbonate rock deposits. The reaction bands are generally developed at the contact between the schists and the metacarbonate rock bodies. The rea ction bands characterized by calc-silicate minerals are regarded as products of metasomatic processes involving diffusive transfer of chemical components between the metacarbonate body and the schist ( Thompson 1975 , Ague 2003 .
The composition of the calc-silicate schists are generally variable and are dependent on the compositions of the pre-metamorphic protoliths which are derived by the admixtures of the argillaceous sediments with carbonate materials or with some basic or ultrabasic igneous material or due to large-scale metasomatism (van de Kamp 1968 , Leake 1980 , Vearnecombe 1983 , Ferguson and Al-Ameen 1986 . This paper investigates the calc-silicate schists and the calc-silicate bands which occur as intercalations in the Jakura Marble deposit, western Nigeria with a view to determining their petrological and geochemical characteristics as well as their petrogeneses.
GEOLOGICAL SETTING
The Nigerian basement complex forms part of the internal zone of the Neoproterozoic mobile belt east of the West African craton (Fig. 1) . Relatively low-grade metamorphosed schist belts are a major lithotectonic unit in the western part of the basement complex. These generally N-S trending belts are bordered by migmatitegneiss units and both have been intruded by largely undeformed granitic rocks of Pan-African (ca 600 Ma) age. Some of these belts especially those in central part of the basement complex contain large metacarbonate bodies. The Lokoja-Jakura Schist belt (Okunlola and Elueze 2003) is one of such belts hosting a large metacarbonate body-the Jakura marble deposit.
On the basis of lithological association, Turner (1983) has interpreted the schist belt to represent originally well-sorted shelf and littoral deposits. Although there is no geochronological evidence for its age, Turner (1983) has suggested a Mesoproterozoic age on the basis of its complex structural trends and the intrusive relations of the Pan-African granitic rocks.
The Jakura marble deposit is a calcitic marble body interbanded on the large scale with quartz-mica schists, phyllites and biotite-hornblende gneisses with thin quartzite intercalations (Fig.2) . Granitic rocks 149 C. T. Okonkwo, Department of Applied Geology, Federal University of Technology, Akure, Nigeria including pegmatites of assumed Neoproterozoic age emplced during the Pan-African orogeny also intruded these metamorphic rocks. The marble and associated rocks have been deformed and form part of the western limb of an antiformal fold with a N-S trending axis (Hazel 1956) . Locally, the rocks have been tectonised within late-tectonic shear zones with shear foliations subparallel to the N-S structural trends of the country rocks (Hazell 1956 ). Late faults have also, locally, displaced the marble and associated rocks.
PETROGRAPHY OF THE CALC-SILICATE SCHISTS AND THE CALC-SILICATE BANDS
The schists are dark grey, strongly foliated, medium-grained rocks which consist of hornblende, biotite, actinolite, plagioclase, quartz and accessory sphene, epidote, apatite, chlorite and zircon. Biotite and hornblende define a strong foliation (S1) which is overprinted by randomly oriented grains of late biotite and actinolite. Late biotite tends to be porphyroblastic and occasionally contains inclusions of some early (S1 fabric) minerals. Actinolite in slender prisms overgrows early hornblende. These mineral assemblages indicate a syntectonic amphibolite facies regional metamorphism which was later overprinted by a retrograde greenschist facies event.
The calc-silicate bands developed between the marble and the calc-silicate schists have variable thickness from 1 cm to 2 cm which may show some zoning. At the border with marble are coarse crystals of plagioclase and diopside as well as some calcite. Retrograde overgrowths of actinolite, chlorite, epidote occasionally mantle these primary minerals. Scapolite occurs occasionally in some bands.
GEOCHEMISTRY
Six samples of the calc-silicate schists, three samples of the calc-silicate bands and two samples of the ultramafic schist were selected for chemical analyses. Both major and trace elements were analysed by X-Ray Fluorescence Spectrometry at the University of Keele. England and at the Technical University, Berlin, Germany.
Schists-Major Elements
The major element compositions of the samples of the calc-silicate schists, calc-silicate bands and the ultramafic schist are presented in Table 1 , while the mean chemical compositions of these rocks as well as those of the associated mica schist (Elueze and Okunlola 2003) , marble (Elueze and Okunlola 2003) and Average Post-Archean Australian Shale (PAAS, Taylor and McLennan 1985) are presented in Table 2 . The calc-silicate schists are highly enriched in MgO (x =7.44), CaO (x =7.78), Na 2 O (x =3.32) and P 2 O 5 (x =0.64) compared to the mica schist (Table 2 and Fig. 3) , and the average PAAS (Table 2 and Fig. 4) . They are however slightly depleted in SiO 2 (x =52.22) compared to the mica schist and the PAAS, and in Al 2 O 3 compared to the PAAS ( 5 ).
Schists-Trace Elements
The trace element compositions of the calcsilicate schists, calc-silicate bands and the ultramafic schist are also presented in Table 1 while Table 2 shows their mean compositions as well as those of the mica schist (Elueze and Okunlola 2003) , Jakura marble (Elueze and Okunlola 2003) and the average PAAS (Taylor and McLennan 1985) . The calc-silicate schists are highly enriched in Ba (x =2778), Cr (x =388), Ni (x =601), Sr (x =2520), La (x =131), Ce (x =366) and Nd (x =124) compared to the PAAS (Table 2 and Fig. 4) . Compared to the ultramafic schist the calc-silicate schists are enriched in Ba, Cu, Ga, Nb, Pb, Rb, Sr, Zr, La, Ce and Nd (Table 2 and Fig 5) .
Calc-silicate bands-Major Elements
The calc-silicate bands are relatively enriched in CaO, and depleted in Al 2 O 3 , Na 2 O, K 2 O, compared to the calc-silicate schists (Table 2 and Fig. 6 ). They are also relatively enriched in SiO 2 , TiO 2 , Al 2 O 3 , Fe 2 O 3 , MnO, MgO, Na 2 O 3 , K 2 O and P 2 O 5 and depleted in CaO compared to the marble (Table 2 and Fig. 7 ).
Calc-silicate bands-Trace Elements
The calc-silicate bands are enriched in Sr but depleted in Ba, Cr, Ni, Pb, Rb, V, Y, Zn, Zr, La, Ce and Nd relative to the calc-silicate schists (Table 2 and Fig.  7 ).
DISCUSSION
The very high contents of MgO, Cr and Ni in the calc-silicate schists suggest mafic/ utramafic sources for part of the protoliths of the schists. The very high contents of CaO and Sr suggest sources related to the main carbonate deposit i.e. the limestone protolith of the marble. Very high Ba is suggestive of a K-feldspar-rich protolith because of the very strong Ba positive correlation with K 2 O.The high Na 2 O contents of these schists may be attributed to metasomatic introduction from seawater during spilitisation of the mafic/ultramafic detritus (van de Kamp and Leake 1986) . The protoliths of the schists therefore seem to be a mixture of K 2 O-rich mafic/ultramafic detritus and some carbonate-derived material.
The composition of the calc-silicate bands relative to the calc-silicate schists and the marble suggests diffusion/ migration of certain elements i.e. SiO 2 , TiO 2 , Al 2 O 3 , Fe 2 O 3 , MnO, MgO, Na 2 O, K 2 O, P 2 O 5 , Ba, Cr Ni, Pb, Rb, V, Y, Zn, Zr, La, Ce and Nd from the schists into the contact zone of the marble. These are similar to calc-silicate reaction zones between marbles and pelitic schists documented by Thompson (1975) 
Sedimentary depositional model for the calc-silicate schists
Field relations show that the calc-silicate schists occur as intercalations within the marble. Also the marble is on a larger scale interlayered within mica schists containing bands of metamorphosed mafic/ultramafic schists believed to represent volcanics. These stratigraphic relationships suggest a submarine shelf depositional environment for the Jakura area in Precambrian times. Swells on the shelf were sites of limestone (carbonate) deposition and the associated basins were sites of deposition of argillaceous material along with periods of volcanic activity. Intermittently, clastic material derived from the igneous rocks were deposited on the carbonate swells as they subsided between prolonged periods of carbonate deposition. Thus admixtures of mafic detritus and carbonate material formed the protoliths of the schists.
The model outlined above is similar to those proposed by van de Kamp (1968) for the metasedimentary rocks of the Haliburton-Madoc area, Ontario, Canada; Vearnecombe (1983) for the hornblende and mica schists intercalated with marble in western Kenya, and Ferguson and Al-Ameen (1986) 
